ABSTRACT
INTRODUCTION
Activation of the hypothalamicpituitary-adrenal axis with cortisol release is critical to maintain stressinduced homeostasis. 1 In the fetus, over 80% of the adrenal cortex consists of the fetal zone that predominantly synthesizes dehydroepiandrosteronesulfate (DHEA-S) 1 and low cortisol levels, which account for 3-β-oldehydrogenase deficiency. [1] [2] [3] After birth, the fetal cortex progressively disappears and a concomitant increase in the activity of the enzyme 3-β-oldehydrogenase is observed.
Serum cortisol levels in healthy NBIs are low, within a range similar to that observed in those with hormone deficiency. This renders the diagnosis among children with low clinical suspicion of adrenal insufficiency difficult, limiting its diagnostic value and leading to hormone replacement therapy with an uncertain diagnosis. However, it has been described that free hormone fraction level tends to be similar to that observed among adults, apparently secondary to a low serum cortisol-binding globulin (CBG) concentration. 4, 5 Cortisol in saliva is a reliable marker of the hypothalamicpituitary-adrenal axis activity; it correlates with plasma cortisol and reflects plasma free cortisol levels. 6 Saliva specimens are relatively easy to collect with a non-invasive technique 6, 7 and they can be successfully collected in newborn infants by using different stimulating agents like citric acid 4, 7, 8 or lemon juice.
In newborn infants, the correlation between blood and salivary levels has been shown in specimens processed by immunoradiometric assays. 9 Cortisol measurement in saliva enabled to monitor circadian rhythm variations 
MATERIAL AND METHODS
Design: prospective, descriptive, longitudinal, and correlational study.
This study was approved by the Ethics Committee of Hospital Nacional Profesor Alejandro Posadas. An informed consent was obtained from one of the NBI's parents or legal guardian.
Population
The sample size was estimated based on previous studies. In NBIs, in order to estimate the median serum morning cortisol level with a 95% confidence interval, considering an error of 3 nmol/L as acceptable, and estimating a 72 nmol/L 9 variance and a loss of 15% because of different reasons, at least 36 NBIs should be reenrolled in the study.
Healthy NBIs born in Hospital Nacional Profesor Alejandro Posadas, in working days from March 1 st to 15 th , 2014 were selected. Children born to healthy mothers with a normal pregnancy, born by vaginal or abdominal delivery, with an Apgar score ≥ 7 at 1 minute, documented oral feeding, and a normal physical examination were included. Newborns with congenital malformations, born to mothers who had received corticosteroid treatment and those who had not fasted at least for an hour before specimen collection were excluded. Gestational age (GA) was based on the date of the mother's last menstrual period (LMP); if LMP was uncertain, GA was estimated by an early ultrasound and/or physical examination (Capurro) assessed by 2 qualified professionals. A term newborn was defined as an infant born between ≥ 37 and < 42 completed weeks of gestation; NBI of appropriate weight was defined as a NBI with a birth weight (BW) between the 10 th and 90 th percentile for the GA; low weight NBI referred to a NBI with a BW below the 10 th percentile for the GA; and high weight NBI, if the BW was above the 90 th percentile for the GA. 12 Relevant population demographic outcome measures were: NBI sex, birth weight (g), length (cm), GA (weeks).
Specimens
Saliva (100 µL) and peripheral blood (1 mL) specimens were collected, the latter by venipuncture, between 7:00 and 8:00 AM on business days, after 36 hours of life, coinciding with the specimen requested for the neonatal screening. Cortisol was measured in saliva specimens while total cortisol, CBG, and albumin were determined in peripheral blood specimens. Saliva specimens were collected immediately before blood withdrawal, with 1 or more hours of fasting. Salivary secretion was induced by placing 2 drops of 5% citric acid on the tongue, 2 minutes before sample collection. 4, 7, 8 To avoid interferences, the stimulating agent was administered to all the infants instead of using it only when specimen collection was difficult. 8 Gentle examination of the oral cavity was performed to minimize the risk of contamination with milk that could have interfered with the assay. 13 Saliva specimens were obtained by careful aspiration of the floor of the mouth with soft plastic Pasteur pipettes and were placed in plastic tubes which were kept frozen at -20 ºC until their processing. 4 Peripheral blood specimens were placed in dry tubes, they were centrifuged and kept frozen at -20 ºC until their processing.
Additional saliva specimens were collected from those infants who were seen at the office within the first 30 days of life, from 9:00 to 11:00 AM.
Serum and salivary cortisol determinations were performed using automated competitive chemiluminescence immunoassays in an ACCESS analyzer (Beckman-Coulter), 14 without previous collection, 4,15 with a limit of detection of 0.4 µg/ dL and 11.0 nmol/L, respectively and an interand intra-assay coefficient of variation of 6.0% and 2.14%, respectively. CBG concentration was determined by means of an immunoradiometric assay (Diasource) with a limit of detection of 6.5 mg/L and an intra-and inter-assay coefficient of variation of 8.6% and 10.8%, respectively.
Serum cortisol values were expressed in µg/ dL; salivary cortisol levels, in nmol/L and µg/dL; and CBG values, in mg/L.
Conversion factors: nmol/L x 0.036= µg/d; µg/dL x 27.6= nmol/L.
Statistical analysis
Continuous data were expressed as mean and median with their respective dispersions (standard deviation [SD]/range) whereas categorical data were described as absolute numbers and measures of frequency (percentage). The correlation between serum and salivary cortisol was evaluated with the linear correlation test. Differences were considered significant if the p value was < 0.05. The Mann-Whitney-Wilcoxon test was used to compare serum and salivary cortisol performance based on the approach to birthing. The Friedman test was conducted to compare the 3 non-consecutive levels of morning salivary cortisol during the first month of life. The performance of cortisol in patients' saliva with values equal to or lower than the first quartile in the first specimen was analyzed in terms of the difference of salivary cortisol values between the second and the first specimens.
RESULTS
Fifty-five term newborn infants were examined; parents were asked to return for follow-up and saliva specimen collection during the first month of life, as observed in Figure 1 . Clinical characteristics and results are described in Table 1 .
Linear regression results among serum and salivary cortisol levels (r= 0.54, P= 0.001) are presented in Figure 2 .
Out of the 52 patients with sufficient specimens, 39 (75%) could be evaluated more than once during the first month of life. The comparison of non-consecutive measurements of cortisol in morning saliva during the first month of life is shown in Figure 3 . In specimen 1 (n= 39), obtained at a median age of 1.9 days of life (range: 1.5-3.1), the median salivary cortisol was 33.12 nmol/L (range: 5.52-107.6); in specimen 2 (n= 39), obtained at a median age of 5 days of life (range: 3-20 nmol/L), the median salivary cortisol was 30.3 nmol/L (range: 5.52-132.48); and in specimen 3 (n= 37), obtained at a median age of 16 days of life (range: 7-30), the median salivary cortisol was 19.3 nmol/L (range: 8.28-60.7). Salivary cortisol values along the first month of life showed no statistically significant differences (P= 0.99).
In 12 out of the 16 patients with values of salivary cortisol equal to or lower than the first quartile (22.0 nmol/L), a second specimen was obtained ( Figure 4) . The difference described an upward trend in 10 patients, a decreasing trend in 1, and it remained without changes in 1.
Median serum CBG was 22.07 µg/mL (range: 16.5-33.0).
DISCUSSION
In this prospective study on term NBIs, a correlation was found between serum and salivary cortisol levels. Such correlation was 0.54, which is consistent with what has been published by Maas et al. who, in a systematic review of the literature, reported that it varied between 0.44 and 0.83. 16 Based on the results, it is inferred that low serum cortisol concentrations would match low salivary cortisol concentrations. This implies that, under physiological conditions, there would be a rate of healthy NBIs that would have "physiological hypocortisolemia," which may correlate with low salivary cortisol levels. These findings -which are different from those published in the literature-are associated with CBG concentrations comparable to that of adults, 8, 16, 17 which would confirm that some NBIs have a low cortisol secretion at this stage of life. [6] [7] [8] Hadjian et al. showed, by means of balance of dialysis and an adsorbent technique, a lower capacity in serum proteins to bind cortisol in term NBIs. 7 However, Scott et al., in a sample of 120 preterm NBIs, obtained low cortisol values that could not account for CBG deficit since CBG values determined in 61 NBIs (16 ± 5 mg/L) were only slightly below the normal adult range (19-45 mg/L). 17 It is likely that low serum cortisol levels in some of these infants correspond to a phenomenon of immaturity or to different disappearance times in the adrenal fetal zone associated with low adrenocorticotropic hormone (ACTH) and 3-β-oldehydrogenase levels, as described. [1] [2] [3] It has been postulated that the human placenta synthesizes large quantities of corticotropin-releasing hormone (CRH), which is released by maternal and fetal circulation resulting in the highest CRH concentrations in life. After birth, there is an abrupt decrease in circulating CRH. Based on the above, the hypotheses would be that, in the NBI, the hypothalamus has not reached sufficient maturity to release CRH or that the pituitary gland, having been exposed to large amounts of CRH, would be temporarily refractory to the low concentrations produced by the hypothalamus in the NBI. 3 Median serum cortisol was 7.65 µg/mL (range: 1-18.1) in specimens obtained from 7:00 to 8:00 AM with, at least, 1 hour of fasting, similar to what has been reported. 4 In a pilot sample of NBIs between 2 and 7 days of life, fed on demand, it has been observed that serum cortisol concentrations obtained between 10:00 and 11:00 AM were 3.5 ± 2.3 µg/ dL (mean ± SD) whereas the median was 2.7 µg/dL (range: 0.7-11.5 µg/dL). 18 Median salivary cortisol levels were similar to those reported with a higher dispersion. 4, 11 This variability can be a limiting factor for the definite clinical diagnosis of adrenal insufficiency.
It is worth pointing out that the use of citric acid was useful to obtain saliva specimens in adequate quantities to process in most of the infants without adverse events and, by using it in all NBIs, any interference was prevented. In the longitudinal sampling of salivary cortisol during the first three weeks of life, more than 70% of the study population was evaluated; no significant changes were seen regarding the specimen collected on the second day of life. However, the difference of salivary cortisol values between the second and the first specimens of patients who were within or below the first quartile showed an upward trend in 10 out of 12 patients.
A limitation of this study was that the fasting time was reported by the mother without having been checked by a witness. Specimens were obtained only during business days because of staff availability. Another limitation was that neither ACTH nor CRH could be measured, w h i c h m a y a c c o u n t f o r t h e p r e s e n c e o f inadvertent biases. The wide ranges in the results of salivary cortisol determinations reflect the high inter-individual variability, as reported. 9 Salivary cortisol determinations could be a tool for the diagnosis of adrenal insufficiency in these infants, although further studies are necessary to confirm these findings. There is a rate of normal NBIs whose serum and salivary cortisol levels are low, which renders the diagnosis of adrenal insufficiency difficult if only this measurement is taken into account.
CONCLUSION
The measurement of cortisol in saliva reflects serum cortisol levels in normal NBIs. Low levels of cortisol observed at 36 hours of life in normal NBIs showed a trend towards a spontaneous increase during the first month of life. n
